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1

COMPOSITIONS AND METHODS FOR
LIQUID PHASE OLIGONUCLEOTIDE
SYNTHESIS

INCORPORAITON BY REFERENCE TO ANY
PRIORITY APPLICATION

The present application claims the benefit of priority to

U.S. Provisional Application No. 63/131,449, filed Dec. 29,
2020, which 1s imncorporated by reference 1n 1ts entirety.

BACKGROUND
Field

The present application relates to methods and composi-
tions for liquid phase oligonucleotide synthesis employing
the use of a polyvalent polymer hub.

Description of the Related Art

Oligonucleotide-based drugs have become a powertul
epitome having ability to treat various diseases. Currently,
the demand for oligonucleotides can be fulfilled by conven-
tional solid phase oligonucleotide synthesis. There are cer-
tain advantages of Solid Phase Oligo Synthesis (SPOS),
such as simple product isolation and the use of anhydrous
synthetic environment. However, the SPOS generally has
low over all yield after multiple steps for an oligo sequence
and high cost for reagents, solid support and waste manage-
ment. In addition, SPOS may result 1n mismatched oligo
sequences which leads to difficulty in purification. The
increasing demand for metric ton quantities of oligonucle-
otides far exceeds the production capacity of solid phase
oligonucleotide synthesis.

Liquid phase oligonucleotide synthesis (LPOS) 1s a tech-
nology with the potential to provide the production capacity
that will be required. One of the major advantages of LPOS
over SPOS 1s the absence of the heterogeneous nature of the
process, 1.., msoluble solid supports are not present. The
use of a soluble scallold or support employed in LPOS
allows each step of the synthesis to be performed in the
liquid phase.

The recent advances 1n the LPOS have been reported by
Molina et al., Current Protocol in Nucleic Acid Chemistry
(2019) 77, 682 The current LPOS technologles have an
unfavorable E factor and additional eflorts are required to
address the usage of excessive reagents and solvents. In
addition, one of the current challenges of LPOS 1s the
difficulties associated in 1solating and purifying the oligo-
nucleotide products. For example, the nanofiltration tech-
nologies currently employed for 1solation and purification
are not economically favorable. There exists a need for
improved materials and methods for conducting liquid phase
oligonucleotide synthesis, for example, the need to expand
the current repertoire of soluble supports with increased
solubility and lower costs, while allowing for eflicient
removal of excess reagents and protecting groups after each
LPOS cycle using a mimmimum amount of solvent.

SUMMARY

Some aspect of the present disclosure relates to a method
for making oligonucleotides by liquid phase oligonucleotide
synthesis (LPOS), comprising:

dissolving a polyvalent hub (PVH) 1n a first solvent to
form a reaction matrix, the PVH comprises or 1s an acrylate
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polymer having a plurality of reactive ester groups capable
of reacting with nucleoside or nucleotide analogs (i.e.,
anchor groups); and

contacting the PVH with one or more nucleoside analogs

to form a first bioconjugate comprising a structure of For-
mula (I):

/GIO \ (L)
O ol
O
.
PVH
wherein

B! is a nitrogenous base;
G' is a 5' hydroxyl blocking group:
R* 1s —H, —OH, halogen, —O—(C,-C alkyl), —O—

(C,-C, haloalkyl), or —OX, where X 1s a 2' hydroxyl
protecting group; and

m 1s an integer from 1 to about 500,000.

In some embodiments, the PVH used in the method
comprises or 1s a homopolymer of the acrylate polymer. In

other embodiments, the PVH 1s a random copolymer of a
reactive vinyl monomer (e.g., an acrylate monomer contain-
ing reactive ester functional group) and an acrylamide
monomer.

In some embodiments of the method described herein, the
formation of the first bioconjugate described 1n the method
does not require a succinate linker to attach the nucleoside
analog to the PVH.

In some embodiments, the method further comprises
removing the 5' blocking group (G') to form a 5' unblocked
first bioconjugate; and 1solating the 5' unblocked first bio-
conjugate. In some embodiments, the 5' unblocked first
bioconjugate comprises the structure of Formula (I'):

(1)

PVH

In some turther embodiments, the method further comprises:

(a) reacting the 5' unblocked first bioconjugate with one or
more nucleoside phosphoramidite analogs 1 a second

solvent to form a second bioconjugate comprising the

structure of Formula (IV):
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(IV)

G*Q)
O R2
Rﬂ
RE\ /O
T
O
O ol
O
O R4
PVH P

wherein
G~ is a 5' hydroxyl blocking group:;

B* is a nitrogenous base;

R 1s a phosphite protecting group; and
p 1s an integer of 1 to about 500,000,
(b) oxidizing the phosphite moiety in Formula (IV);

(c) removing the 5' blocking group G° to form a 5
unblocked second bioconjugate comprising the struc-
ture of Formula (IV'):

(IV)

G*Q
07/32
/ re
O
Z%P/
\""-.Re
O
O nl
e
O RA
PVH P

wherein Z 1s O or S; and

(d) 1solating the 35' unblocked second bioconjugate. In
some embodiments, steps (a)-(d) are repeated multiple
cycles until a desired length of oligonucleotide has
been synthesized.

Some other aspect of the present disclosure relates to
oligonucleotides synthesized by the liquid phase oligo syn-

thesis method described herein, wherein the oligonucle-
otides have at least 2, 3,4, 5, 6,7, 8,9, 10, 15 or 20 bases.

Some further aspect of the present disclosure relates to the
polyvalent hub (PVH) used for the liquid phase oligonucle-
otide synthesis described herein, wherein the PVH com-
prises or 1s an acrylate polymer comprising repeating units
of Formula (II) or (II'):
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(1)

(II')

0
= I
- @), N e
™.
O
O
SO3Na,
N
O

each R* is independently halogen, nitro or cyano; and nis 1,
2, 3, 4, or 5. In some embodiments, the PVH may further
comprise acrylamide repeating units or other acrylate repeat-
ing units that do not have reactive groups for attaching
nucleoside or nucleotide analogs. In some further embodi-
ment, the PVH comprises or 1s a copolymer, comprising one
or more acrylate repeating units of Formula (II) or (II') as
described herein, or a combination thereof, and one or more
acrylamide repeating units of Formula (I1II):

(I11)

O NR*R>,

wherein R® is H or C,-C, alkyl; each of R* and R> is
independently H, unsubstituted or substituted C,-C, alkyl,
unsubstituted or substituted phenyl, or R* and R> together
with the nitrogen atom to which they are attached form an
optionally substituted 5 or 6 membered heterocyclyl. In
some embodiments, the number of the acrylate repeating
unit 1s X, and the number of acrylamide repeating unit is v,

where each x and y 1s imndependently an integer of 1 to
500,000.

In some embodiments of the copolymer PVH, the copo-
lymer comprises the structure:
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S

N(CH3),
\SogNa
O or
Ai Tj)i/
O N(CHj3)» N/ O
) QO:

wherein each of x and v 1s independently an integer from 1
to 500,000; and n 1s 4 or 5.

Some additional aspect of the present disclosure relates to
a polymeric bioconjugate for liquid phase oligonucleotide
synthesis, said polymeric bioconjugate comprising one or
more repeating units of Formula (V):

(V)

REI

and optionally one or more repeating unit of formula (I11I):

R3

O NR*R>,

wherein

each of R" and R’ is independently H or C,-C, alkyl;

each of R* and R” is independently H, unsubstituted or
substituted C,-C, alkyl, unsubstituted or substituted phenyl,
or R* and R together with the nitrogen atom to which they
are attached form an optionally substituted 5 or 6 membered
heterocyclyl;

B' is a nitrogenous base;

G' is a 5" hydroxyl blocking group; and

R” 1s —H, —OH, halogen, —O—(C,-C, alkyl), —O
(C,-C, haloalkyl), or —OX, where X 1s a 2' hydroxyl
protecting group. In further embodiments, the polymeric
bioconjugate comprises or has the structure of Formula (Ia):
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(la)

O NR*R> Ra

wherein each of X and m 1s independently an integer from 1
to about 500,000. In some further embodiments, m 1s less
than v.

Additional aspect of the present disclosure relate to a

polymeric bioconjugate for liquid phase oligonucleotide
synthesis, comprising one or more repeating units of For-

mula (VI):

(VD)

\P K
R0 ||
7
R! §
4& R\OZ,
B!
O

and optionally one or more repeating unit of formula (III):

R3

O NRA*R>,

wherein
each of R' and R” is independently H or C,-C, alkyl;

each of R* and R” is independently H, unsubstituted or
substituted C,-C, alkyl, unsubstituted or substituted
phenyl, or R* and R> together with the nitrogen atom to
which they are attached form an optionally substituted
5> or 6 membered heterocyclyl;

R* 1s —H, —OH, halogen, —O—(C,-C, alkyl), —O—
(C,-C, haloalkyl), or —OX, where X 1s a 2' hydroxyl
protecting group.

each of B' and B~ is independently a nitrogenous base;
G~ is a 5' hydroxyl blocking group:

R* 1s unsubstituted or substituted C,-C alkyl;

Z 15 O or S; and

k 1s an mteger from 1 to 300.

In further embodiments, the polymeric bioconjugate com-

prises or has the structure of Formula (Ib):
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(Ib)

Rﬂ

O
O
D k
RO” |
7
s

7N
\

O

: <L< A

Rl

/J\JE
O O

O/\ NR*R?

wherein each of X and m 1s independently an integer from 1
to about 500,000. In some further embodiments, m 1s equal
to or less than v.

In any embodiments of the method, the PVH or the PVH
containing bioconjugate described herein, the PVH may
comprise or 1s a random copolymer having molecular weight
ranging from about 10 kDa to about 1000 kDa, from about
20 KDa to about 500 KDa, or from about 30 kDa to about
100 kDa.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a general reaction scheme for making an
oligonucleotide by liquid phase oligonucleotide synthesis
according to an embodiment of the present application.

FIG. 2 1s a reaction scheme of the reaction between
3'-O-DMT-dT and a polymer for liquid phase oligonucle-
otide synthesis followed by removal of the DMT group

according to an embodiment of the present application.
FIG. 3A is a "H NMR spectrum measured in CD,CN of

S3'-O-DMT-dT.

FIG. 3B is a "H NMR spectrum measured in CD,CN of
a poly(TFPA-co-DMA) according to an embodiment of the
present application.

FIG. 3C is a "H NMR spectrum measured in CD,CN of
a DM'T-dT conjugated poly(TFPA-co-DMA) according to an
embodiment of the present application.

FIG. 4 1s a reaction scheme of the removal of DMT from
a DM'T-dT conjugated poly(TFPA-co-DMA) according to an
embodiment of the present application.

FIG. § 1s a reaction scheme of a first cycle of liquid phase
oligonucleotide synthesis according to an embodiment of the
present application.

FIG. 6 1s a reaction scheme for preparing a regenerated
cellulose membrane for dialysis according to an embodi-
ment of the present application.

DETAILED DESCRIPTION

Solid phase oligonucleotide synthesis enable oligo syn-
thesis at the solid support-liquid interface. The solid support
1s 1soluble 1 the liqud medium (e.g., organic solvent).
Examples of solid support include particles of controlled
porous glass (CPG) and porous crosslink polystyrene. In
contrast, liquid phase oligo synthesis (LPOS) relies on a
soluble organic compound as support (hub) to carry out
oligo synthesis 1n solution. Conventional LPOS typically
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utilizes soluble supports that have one or several functional
groups as anchors to conjugate and synthesize oligos.
Embodiments of the present disclosure relate to methods for
liquid phase oligonucleotide synthesis by using a polymeric
soluble hub (1.e., polyvalent hub or PVH) that has numerous
functional groups along the polymer chain for oligo synthe-
s1s. For example, the PVH described herein may contain
reactive ester groups that allows for eflicient conjugation
with nucleoside or nucleotide analogs with improved yield
compared to known liquid phase oligonucleotide synthesis
and solid phase oligonucleotide synthesis. Furthermore, the
PVH of the present disclosure eliminates the use of succi-
nate linker to attach the nucleoside or nucleotide analogs to
the PVH. The methods also utilize regenerated cellulose
membrane to i1solate and purily the growing oligo biocon-
jugates after each cycle of the synthesis. Regenerated cel-
lulose membrane described herein 1s a cost-eflective alter-
native to the nanofiltration technology used in the LPOS.
The methods described herein 1s amenable for multi-kilo-
gram oligonucleotide synthesis.

Definitions

The section headings used herein are for organizational
purposes only and are not to be construed as limiting the
subject matter described.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as 1s commonly
understood by one of ordinary skill in the art. All patents,
applications, published applications and other publications
referenced herein are incorporated by reference in their
entirety unless stated otherwise. In the event that there are a
plurality of definitions for a term herein, those 1n this section
prevail unless stated otherwise. As used 1n the specification
and the appended claims, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly
dictates otherwise. Unless otherwise indicated, conventional
methods of mass spectroscopy, NMR, HPLC, protein chem-
1stry, biochemistry, recombinant DNA techniques and phar-
macology are employed. The use of “or” or “and” means
“and/or” unless stated otherwise. Furthermore, use of the
term “including™ as well as other forms, such as “include”,
“includes,” and “included,” 1s not limiting. As used 1n this
specification, whether 1n a transitional phrase or 1n the body
of the claim, the terms “comprise(s)” and “comprising” are
to be mterpreted as having an open-ended meaning. That 1s,
the terms are to be interpreted synonymously with the
phrases “having at least” or “including at least.” When used
in the context of a process, the term “comprising’” means that
the process includes at least the recited steps, but may
include additional steps. When used in the context of a
compound, composition, or device, the term “comprising”
means that the compound, composition, or device includes
at least the recited features or components, but may also
include additional features or components. By “consisting
of” 1s meant including, and limited to, whatever follows the
phrase “consisting of.” By “consisting essentially of” 1s
meant including any elements listed after the phrase, and
limited to other elements that do not interfere with or
contribute to the activity or action specified in the disclosure
for the listed elements.

As used herein, the term “average molecular weight™ 1s
the weight-average molecular weight (Mw) of a sample
population made up of polymer species having a multiplicity
of molecular weights. This quantity i1s defined by the equa-

tion:
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M, = [an X (Mf)z]/znf X M,
=1 i=1

where n; indicates the number of molecules of species .
and M, is the molecular weight of i”” species. As used herein,
the term “molecular weight” refers to weight average
molecular weight, unless otherwise specified.

As used herein, the term “polymer” used herein 1n its
traditional sense, 1s a large molecule composed of smaller
monomeric or oligomeric subunits covalently linked
together to form a chain. A “homopolymer” 1s a polymer
made up of only one monomeric repeating unit. A “copo-
lymer” refers to a polymer made up of two or more kinds of
monomeric repeating unit. Linear polymers are composed of
monomeric subunits linked together 1n one continuous
length to form polymer chains. Branched polymers are
similar to linear polymers but have side chains protruding
from various branch points along the main polymer. Star-
shaped polymers are similar to branched polymers except
that multiple side branches radiate from a single branch site,
resulting 1n a star-shaped or wheel-and-spoke appearance.

As used hereimn, “alkyl” refers to a straight or branched
hydrocarbon chain that 1s fully saturated (1.e., contains no
double or triple bonds). The alkyl group may have 1 to 20
carbon atoms (whenever 1t appears herein, a numerical range
such as “1 to 207 refers to each integer 1n the given range;
e.g., “‘1 to 20 carbon atoms”™ means that the alkyl group may
consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms,
etc., up to and including 20 carbon atoms, although the
present definition also covers the occurrence of the term
“alkyl” where no numerical range 1s designated). The alkyl
group may also be a medium size alkyl having 1 to 9 carbon
atoms. The alkyl group could also be a lower alkyl having
1 to 6 carbon atoms. The alkyl group may be designated as
“C,_, alkyl” or similar designations. By way of example
only, “C,_¢ alkyl” indicates that there are one to six carbon
atoms 1n the alkyl chain, 1.e., the alkyl chain is selected from
the group consisting of methyl, ethyl, propyl, 1so-propyl,
n-butyl, 1so-butyl, sec-butyl, and t-butyl. Typical alkyl
groups 1nclude, but are 1n no way limited to, methyl, ethyl,
propyl, 1sopropyl, butyl, isobutyl, tertiary butyl, pentyl,
hexyl, and the like.

As used herein, “alkoxy” refers to the formula —OR
wherein R 1s an alkyl as 1s defined above, such as “C, g
alkoxy”, mcluding but not limited to methoxy, ethoxy,
n-propoxy, l-methylethoxy (1sopropoxy), n-butoxy, 1so-bu-
toxy, sec-butoxy, and tert-butoxy, and the like.

As used herein, “heterocyclyl” means a non-aromatic
cyclic ring or ring system containing at least one heteroatom
1in the ring backbone. Heterocyclyls may be joined together
in a fused, bridged or spiro-connected fashion. Heterocy-
clyls may have any degree of saturation provided that at least
one ring 1n the ring system 1s not aromatic. The hetero-
atom(s) may be present 1n either a non-aromatic or aromatic
ring 1n the ring system. The heterocyclyl group may have 3
to 20 ring members (1.e., the number of atoms making up the
ring backbone, including carbon atoms and heteroatoms),
although the present definition also covers the occurrence of
the term “heterocyclyl” where no numerical range 1s desig-
nated. The heterocyclyl group may also be a medium size
heterocyclyl having 3 to 10 ring members. The heterocyclyl
group could also be a heterocyclyl having 3 to 6 ring
members. The heterocyclyl group may be designated as *“3-6
membered heterocyclyl” or similar designations. In pre-
ferred s1x membered monocyclic heterocyclyls, the heteroa-
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tom(s) are selected from one up to three of O, N or S, and
in preferred five membered monocyclic heterocyclyls, the
heteroatom(s) are selected from one or two heteroatoms
selected from O, N, or S. Examples of heterocyclyl rings
include, but are not limited to, azepinyl, acridinyl, carba-
zolyl, cinnolinyl, dioxolanyl, imidazolinyl, imidazolidinyl,
morpholinyl, oxiranyl, oxepanyl, thiepanyl, piperidinyl, pip-
erazinyl, dioxopiperazinyl, pyrrolidinyl, pyrrolidonyl, pyr-
rolidionyl, 4-piperidonyl, pyrazolinyl, pyrazoldinyl, 1,3-
dioxinyl, 1,3-dioxanyl, 1,4-dioxinyl, 1.,4-dioxanyl, 1,3-
oxathianyl, 1,4-oxathunyl, 1,4-oxathianyl, 2H-1,2-oxazinyl,
trioxanyl, hexahydro-1,3,5-triazinyl, 1,3-dioxolyl, 1,3-d1-
oxolanyl, 1,3-dithiolyl, 1,3-dithiolanyl, 1soxazolinyl, 1soxa-
zolidinyl, oxazolinyl, oxazolidinyl, oxazolidinonyl, thiazoli-
nyl, thiazolidinyl, 1,3-oxathiolanyl, indolinyl, 1soindolinyl,
tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, tetrahydro-1,4-thiazinyl, thiamor-
pholinyl, dihydrobenzofuranyl, benzimidazolidinyl, and tet-
rahydroquinoline.

As used heremn, a “cyano” group refers to a “—CN”
group.

As used herein, a “nitro” group refers to a “—NQO,”
group.

As used herein, a substituted group 1s derived from the
unsubstituted parent group in which there has been an

exchange of one or more hydrogen atoms for another atom
or group. Unless otherwise indicated, when a group 1s
deemed to be “substituted,” i1t 1s meant that the group 1s
substituted with one or more substituents independently
selected from C,-C, alkyl, C,-C, alkenyl, C,-C, alkynyl,
C,-C¢ heteroalkyl, C;-C, carbocyclyl (optionally substituted
with halo, C,-C alkyl, C,-C, alkoxy, C,-C, haloalkyl, and
C,-C, haloalkoxy), C;-C,-carbocyclyl-C,-C-alkyl (option-
ally substituted with halo, C,-C alkyl, C,-C, alkoxy, C,-C
haloalkyl, and C,-C, haloalkoxy), 3-10 membered hetero-
cyclyl (optionally substituted with halo, C,-C, alkyl, C,-C
alkoxy, C,;-C¢ haloalkyl, and C,-C haloalkoxy), 3-10 mem-
bered heterocyclyl-C,-Cc-alkyl (optionally substituted with
halo, C,-C alkyl, C,-C alkoxy, C,-C haloalkyl, and C,-C,
haloalkoxy), aryl (optionally substituted with halo, C,-C_
alkyl, C,-C¢s alkoxy, C,-C haloalkyl, and ,-C
haloalkoxy), aryl(C,-C)alkyl (optionally substituted with
halo, C,-C, alkyl, C,-C, alkoxy, C,-C¢ haloalkyl, and C,-C,
haloalkoxy), 5-10 membered heteroaryl (optionally substi-
tuted with halo, C,-C¢ alkyl, C,-C, alkoxy, C,-C, haloalkyl,
and C,-C, haloalkoxy), 5-10 membered heteroaryl(C,-Cy)
alkyl (optionally substituted with halo, C,-C. alkyl, C,-C_
alkoxy, C,-C, haloalkyl, and C,-C, haloalkoxy), halo,
cyano, hydroxy, C,-C, alkoxy, C,-C,. alkoxy(C,-C,)alkyl
(1.e., ether), aryloxy, sulthydryl (mercapto), halo(C-C.)
alkyl (e.g., —CF;), halo(C,-Cylalkoxy (e.g., —OCF;),
C,-C, alkylthio, arylthio, amino, amino(C,-C)alkyl, nitro,
(O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl,
C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-car-
boxy, O-carboxy, acyl, cyanato, 1socyanato, thiocyanato,
1sothiocyanato, sulfinyl, sulfonyl, sulfo, sulfino, sulfonate,
and oxo (—=0). Wherever a group 1s described as “optionally
substituted” that group can be substituted with the above
substituents.

As used herein, a “nucleotide” 1ncludes a nitrogen con-
taining heterocyclic base, a sugar, and one or more phos-
phate groups. They are monomeric units of a nucleic acid
sequence. In RNA, the sugar 1s a ribose, and 1n DNA a
deoxyribose, 1.e. a sugar lacking a hydroxyl group that is
present 1n ribose. The nitrogen containing heterocyclic base
can be purine or pyrimidine base. Purine bases include
adenine (A) and guanine (G), and modified derivatives or
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analogs thereol, such as deazapurine. Pyrimidine bases
include cytosine (C), thymine (1), and uracil (U), and
modified derivatives or analogs thereof. The C-1 atom of
deoxyribose 1s bonded to N-1 of a pyrimidine or N-9 of a
purine.

As used herein, a “nucleoside” 1s structurally similar to a
nucleotide, but 1s missing the phosphate moieties. An
example of a nucleoside analogue would be one 1n which the
label 1s linked to the base and there 1s no phosphate group
attached to the sugar molecule. The term “nucleoside” is
used herein 1n 1ts ordinary sense as understood by those
skilled 1n the art. Examples include, but are not limited to,
a ribonucleoside comprising a ribose moiety and a deoxy-
ribonucleoside comprising a deoxyribose moiety. A modi-

fied pentose moiety 1s a pentose moiety 1n which an oxygen
atom has been replaced with a carbon and/or a carbon has
been replaced with a sulfur or an oxygen atom. A “nucleo-
side” 1s a monomer that can have a substituted base and/or
sugar moiety. Additionally, a nucleoside can be incorporated
into larger DNA and/or RNA polymers and oligomers.

The term “purine base” 1s used herein in 1ts ordinary sense
as understood by those skilled in the art, and includes 1ts
tautomers. Similarly, the term “pyrimidine base™ 1s used
herein 1n 1ts ordinary sense as understood by those skilled in
the art, and includes its tautomers. A non-limiting list of
optionally substituted purine-bases 1ncludes purine,
deazapurine, 7-deazapurine, adenine, 7-deaza adenine, gua-
nine, 7-deaza guanine, hypoxanthine, xanthine, alloxan-
thine, 7-alkylguanine (e.g., 7-methylguamne), theobromine,
cafleine, uric acid and 1soguanine. Examples of pyrimidine
bases include, but are not limited to, cytosine, thymine,
uracil, 5,6-dihydrouracil and 3-alkylcytosine (e.g., 5-meth-
ylcytosine).

As used herein, “derivative” or “analogue” means a
synthetic nucleoside or nucleotide derivative having modi-
fied base moieties and/or modified sugar moieties. Such

derivatives and analogs are discussed 1n, e.g., Scheit,
Nucleotide Analogs (John Wiley & Son, 1980) and Uhlman

et al., Chemical Reviews 90:543-584, 1990. Nucleotide
analogs can also comprise modified phosphodiester link-
ages, 1ncluding phosphorothioate, phosphorodithioate,
alkyl-phosphonate, phosphoranilidate and phosphoramidate
linkages. “Derivative” and “analog” as used herein, may be
used interchangeably, and are encompassed by the terms
“nucleotide” and “nucleoside” defined herein.

As used herein, the term “‘phosphate” 1s used i1n 1its
ordinary sense as understood by those skilled 1n the art, and
includes 1ts protonated forms (for example,

(‘]H (‘]H
0=}‘>—0 and 0=}‘)—o )
O OH

As used herein, the terms “monophosphate,” “diphosphate,”
and “triphosphate” are used in their ordinary sense as
understood by those skilled 1n the art, and include protonated
forms.

As used herein, the terms “protecting group” and “block-
ing group’” refer to any atom or group ol atoms that 1s added
to a molecule 1n order to prevent existing groups in the
molecule from undergoing unwanted chemical reactions.
Examples of protecting group moieties are described n T.
W. Greene and P. G. M. Wuts, Protective Groups in Organic
Synthesis, 3. Ed. John Wiley & Sons, 1999, and in J. F. W.
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McOmie, Protective Groups in Organic Chemistry Plenum
Press, 1973, both of which are hereby incorporated by
reference for the limited purpose of disclosing suitable
protecting groups. The protecting group moiety may be
chosen 1n such a way, that they are stable to certain reaction
conditions and readily removed at a convenient stage using
methodology known from the art. A non-limiting list of
protecting groups include benzyl (Bn); substituted benzyl;
alkylcarbonyls (e.g., t-butoxycarbonyl (BOC), acetyl (i.e.,
—C(=0)CH, or Ac), or 1sobutyryl (1Bu); arylalkylcarbo-
nyls (e.g., benzyloxycarbonyl or benzoyl (i.e., —C(=—0)Ph
or Bz)); substituted methyl ether (e.g., methoxymethyl ether
(MOM)); substituted ethyl ether (e.g., methoxyethyl ether
(MOE); a substituted benzyl ether; tetrahydropyranyl ether;
silyl ethers (e.g., trimethylsilyl (TMS), triethylsilyl, triiso-
propylsilyl, t-butyldimethylsilyl (TBDMS), tri-1so-propylsi-
lyloxymethyl (TOM), or t-butyldiphenylsilyl); esters (e.g.,
benzoate ester); carbonates (e.g., methoxymethylcarbonate);
sulfonates (e.g., tosylate or mesylate); acyclic ketal (e.g.,
dimethyl acetal); cyclic ketals (e.g., 1,3-dioxane or 1,3-
dioxolanes); acyclic acetal; cyclic acetal; acyclic hemiac-
etal; cyclic hemiacetal; cyclic dithioketals (e.g., 1,3-dithiane
or 1,3-dithiolane); and triarylmethyl groups (e.g., trityl;
monomethoxytrityl (MMTr); 4,4'-dimethoxytrityl (DMTr);
or 4,4'.4"-trimethoxytrityl (1MTr)).

As used herein, the term “reactive ester” refers to either
an acyclic or a cyclic ester functional group comprising the
molety —C(=—0)O— that 1s highly susceptible toward
nucleophilic attack.

As used herein, “loading capacity” or “load” 1s expressed
in mmol or umol of a nucleoside bound to the polyvalent hub
(PVH) described herein per gram of PVH (i.e., mmol/g).
Method for Preparing an Oligonucleotide by LPOS

Some embodiments of the present application relate to a
method for making a compound by liquid phase synthesis.
The compound may be an oligonucleotide, a peptide, a
polynucleotide (1.e., nucleic acid), or a small molecule. In
certain embodiments, the method 1s for making an oligo-
nucleotide by liquid phase oligonucleotide synthesis. In
certain embodiments, the method 1s for making a peptide by
liquid phase peptide synthesis. In certain embodiments, the
method 1s for making a polynucleotide (1.e., nucleic acid) by
liquid phase polynucleotide (1.e., nucleic acid) synthesis. In
certain embodiments, the method 1s for making a small
molecule by liquid phase small molecule synthesis. Embodi-
ments of the method provided herein use a polyvalent hub
(PVH) as alternative to a solid support for the synthesis.

In some embodiments of the method described herein, the
method includes dissolving a polyvalent hub (PVH) 1n a first
solvent to form a reaction matrix, contacting the PVH with
one or more nucleoside analogs to form a first bioconjugate
comprising a structure of Formula (I):

()

PVH

wherein B' is a nitrogenous base (such as purine, deazapu-
rine or pyrimidine base); G' is a 5' hydroxyl blocking group:
R*1s —H, —OH, halogen, —O—(C,-C, alkyl), —O—(C, -
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C, haloalkyl), or —OX, where X 1s a 2" hydroxyl protecting
group; and m 1s an integer from 1 to 500,000. In some such
embodiments, m 1s from 4 to about 50,000. In further
embodiments, the number of m 1s at least 5, 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800,
900, or 1000. The structure of Formula (I) illustrates the
attachment of the 3' oxygen of the ribose ring of one or more

nucleoside analogs to reactive sites of the PVH via an ester
bond.

In some embodiments of the method described herein, B*
1s independently optionally protected adenine, optionally
protected deaza ademine, optionally protected cytosine,
optionally protected guanine, optionally protected deaza
guanine, optionally protected thymine, or optionally pro-
tected uracil. In further embodiments, B' is

)OL NHR™ NHRY
NH )\N

4 N
A LA L

0
NHR#

N J NH
72n |
<NIj; ? N‘ N"/k NHRY, or

O
N
</ ’ NH
N //’l\
N NHRY,
WA W W o W W W W Wy

wherein R" is hydrogen, unsubstituted or substituted C,-C,
alkyl, or an amino protecting group, or the hydrogen 1n
— NHR" is absent and R" is a divalent amino protecting
group.

In some embodiments of the method described herein,
each G' is independently a trityl type of hydroxy protecting
group selected from the group consisting of (4-methoxyphe-
nyl)diphenylmethyl, bis(4-methoxyphenyl)phenylmethyl,
tris(4-methoxyphenyl)methyl, 9-phenylxanthen-9-yl, and
9-(4-methoxyphenyl)xanthen-9-yl. In some such embodi-
ments, each G* is independently
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14
wherein each of R®, R and R¥ is independently H or C,-C,
alkoxy. In one embodiment, G' is bis(4-methoxyphenyl)
phenylmethyl (4,4'-dimethoxytrityl).
In some embodiments, the PVH comprises or 1s an
acrylate polymer having a plurality of reactive ester groups
capable of reacting with nucleoside or nucleotide analogs. In

some embodiments, each reactive ester group of the PVH
independently comprises —C(—O)OEW, NHS ester (e.g.,

sulfo-NHS ester (e.g.,

O

S0;Na Q
>\/

O O0O—N O
X

S N
O

), or :

wherein EW 1s an electron-withdrawing group. In some
embodiments, the PVH comprises —C(—0)—NH(CH,),_-
OH or C(=0)—NH(CH,),_-NH,. In other embodiments,
the PVH does not comprise —C(—0O)—NH(CH,),_OH or
C(=0O)—NH(CH,),_NH,.

In some embodiments, the first bioconjugate described

herein may include linkers between the reactive ester group
the PVH and each of the nucleoside analogs. In some
embodiments, the linkers comprise C,-C,. alkyl diamines,
C,-C, hydroxy alkylamines, —C(O)O— groups and com-
binations thereof. In some embodiments, the linkages com-

prises —C(0O)O— groups. In some embodiments, the link-
ages do not include a succinate or derivatives thereof.

In any embodiments of the method described herein, the
formation of the first bioconjugate does not require a suc-
cinate linker to attach the nucleoside analog to the PVH.

In some embodiments of the method described herein, the
acrylate polymer of the PVH comprises a plurality of
repeating units of Formula (II) or (II'):

(1)
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-continued

(1I')
R]

A

O
7 |
T( RZ )H ] N or
AN
O
O
S0O3Na,
_E_N
O

each R is independently halogen, nitro or cyano; and nis 1,
2,3, 4, or 5. In some such embodiments, R" is H or methyl.
In some further embodiments, each R* is fluoro, and n is 3,
4, or 5. In one embodiment, the PVH comprise

Rl
7 I
O O AN

R! is H, each R* is fluoro, and n is 4.

In some further embodiments of the method described
herein, the PVH comprises or 1s a copolymer comprising the
acrylate polymer described herein and an acrylamide poly-
mer. In some such embodiments, the acrylamide polymer of

the PVH comprises comprising a plurality of repeating units
of Formula (I1I):

(I1a)

(I11)

O NRAR>,

wherein R® is H or C,-C, alkyl; and each of R* and R is
independently H, unsubstituted or substituted C,-C, alkyl,
unsubstituted or substituted phenyl, or R* and R> together
with the nitrogen atom to which they are attached form an
optionally substituted 5 or 6 membered heterocyclyl. In
some such embodiments, R” is H or methyl. In some such
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embodiments, each R* and R is independently unsubstituted
C,-C, alkyl. In one embodiment, R> is H and each R* and R”
1s methyl. In some embodiments, the molar ratio of the
acrylate polymer to the acrylamide polymer in the copoly-
mer 1s from about 1:200 to about 200:1, from about 1:100 to
about 100:1, from about 1:90 to about 90:1, from about 1:80
to about 80:1, from about 1:70 to about 70:1, from about
1:60 to about 60:1, from about 1:50 to about 50:1, from
about 1:20 to about 20:1, from about 1:10 to about 10:1,
from about 5:1 to about 1:5; from about 2:1 to about 1:2; or
about 1:1. In one embodiment, the molar ratio of the acrylate
polymer to the acrylamide polymer in the copolymer i1s
about 1:5. In some further embodiments, the PVH comprises
the structure:

s

SO;Na

ar

wherein x 1s an mteger from 1 to 500,000; y 1s an integer
from 1 to 500,000; and n 1s 4 or 3. The ratio of X:y may range
from about 1:1000 to about 1000:1, from about 1:500 to
about 500:1, from about 1:200 to about 200:1, from about
1:100 to about 100:1, from about 1:90 to about 90:1, from
about 1:830 to about 80:1, from about 1:70 to about 70:1,
from about 1:60 to about 60:1, from about 1:50 to about
50:1, from about 1:20 to about 20:1, from about 1:10 to
about 10:1, or from about 1:5 to about 5:1. In some embodi-
ments, the acrylate repeating units (y) 1n the copolymer 1s
from about 0.1 mol % to about 100 mol %, form about 1 mol
% to about 80 mol %, from about 5 mol % to about 60 mol
%, or from about 10 mol % to about 50 mol %. In further

embodiments, the number of acrylate repeating units (i.e., y)
in the PVH 1s at least 5, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000.

In one embodiment, PVH comprises or 1s
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and n 1s 4, such copolymer of 2,3,5,6-tetratluorophenyl
acrylate (TFPA) and N,N-dimethyl acrylamide (DMA) can
be referred to with the abbreviation poly(TFPA-co-DMA).

In some embodiments, the acrylate repeating units (y) in the
copolymer 1s from about 0.1 mol % to about 100 mol %,
form about 1 mol % to about 80 mol %, from about 5 mol
% to about 60 mol %, or from about 10 mol % to about 50
mol %. In one embodiment, the acrylate repeating units 1s
about 15 to 20 mol %, or about 18 mol %.

In some embodiments of the method described herein, the

PVH has an average molecular weight from about 10 kDa to
about 1000 kDa, or from about 20 kDa to about 500 kDa, or
from about 30 kDa to about 100 kDa. The PVH having an

average molecular weight (MW) of about 30 KDa or higher
extends into the bulk of the liquid phase, resulting 1n

improved reaction kinetics and reaction yield. Furthermore,

such PVH also facilitates rapid discharge of reaction debris

and unreacted biomolecules having an average MW of about
2 K or less.

In some embodiments of the method described herein, the

first bioconjugate comprises the structure of Formula (Ia):

(la)

O NR4RS ©

wherein x 1s an integer from 1 to 500,000; and m 1s an
integer from 1 to 500,000. The first bioconjugate comprises

a random or block copolymer of

R3 Rl Gl )
O B!,
and
A 1
O NR*R? O G Ra

where m 15 equal or less than y as described herein. In some
further embodiments, each of R' and R” is H and each of R*
and R° is methyl. In further embodiments, the number of
acrylate repeating units (1.e., y) 1s at least 5, 10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800,
900, or 1000.

In some embodiments of the method described herein, the
method further comprising;

removing the 5' blocking group G to form a 5' unblocked

first bioconjugate; and
1solating the 5' unblocked first bioconjugate;

wherein the 3' unblocked first bioconjugate comprises the

structure of Formula (I'):
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(I')

PVH

In some such embodiments, wherein the 5' unblocked bio-
conjugate comprises the structure of Formula (Ia'):

(Ia')
HO

O NR4RS ©

In some further embodiments, each of R' and R® is H and
each of R* and R” is methyl.

In some embodiments of the method described herein, the
1solation and/or purification of the 5' unblocked first bio-
conjugate 1s achieved by a filtration step. The filtration step
may 1nclude dialysis, filtration, nanofiltration, ultrafiltration,
any known filtration technology suitable for use herein and
combinations thereof. In some embodiments, the filtration
step comprises dialysis or filtration. In further embodiments,
filtration step includes the use of a membrane. The mem-
brane may comprise a cellulose acetate, a glass fiber, a
carbon-based polymer, a regenerated cellulose and combi-
nations thereof. In some embodiments, the regenerated
cellulose membrane 1s negatively charged. In some embodi-
ments, the regenerated cellulose comprises the structure:

In some embodiments, the regenerated cellulose has a
molecular weight cutol (MWCQO) from about 5 kDa to
about 50 kDa, from about 6 kDa to about 40 kDa, about 7
kDa to about 30 kDa, or about 8 kDa to about 12 kDa. The
regenerated cellulose membrane 1s capable of retain the
PVH containing bioconjugate as an alternative to the expen-
s1ve nanofiltration membranes prepared with polyimide. The
negatively charged membrane capable of reducing non-
specific adsorption of negatively charged biomolecules. In
some embodiments, the regenerated cellulose 1s treated 1n a
process 1cluding carbon disulfide followed by an aqueous
metal hydroxide. In some embodiments, the regenerated
cellulose comprises dithioate groups and metal cations. In
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some embodiments, the metal cations comprise group 1
metals (1.e., group IA metals or alkali metals), group 2
metals (1.e., group IIA metals or alkaline earth metals) and
combinations thereof. In some embodiments, the metal
cations comprise sodium cations. In certain embodiments,
the regenerated cellulose has an electrostatic charge.

In some embodiments of the method described herein, the
method further comprising:

(a) reacting the 5' unblocked first bioconjugate with one or
more nucleoside phosphoramidite analogs 1n a second sol-
vent to form a second bioconjugate comprising the structure

of Formula (IV):

(IV)

/ GJO \
\\goI B2
R4 O R
\O_P/
\
O
O

PVH

wherein G* is a 5' hydroxyl blocking group; B* is a nitrog-
enous base (e.g., purine, deazapurine, or pyrimidine base);
R* 1s a phosphite protecting group; and p 1s an integer of 1
to 500,000;

(b) oxidizing the phosphite moiety in Formula (IV);

(¢) removing the 5' blocking group G* to form a 5

unblocked second bioconjugate comprising the structure of
Formula (IV"):

Iv’)

HO
REI

O
Z“‘\% P<

Re |

O
Q Bl
i)
O R , :

PVH

wherein 7Z 1s O or S; and

(d) 1solating the 5' unblocked second bioconjugate. In
some such embodiments, B* is independently optionally
protected adenine, optionally protected deaza adenine,
optionally protected cytosine, optionally protected guanine,
optionally protected deaza guanine, optionally protected
thymine, or optionally protected uracil. In further embodi-
ments, B* is
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wherein R” is hydrogen, unsubstituted or substituted C,-C,
alkyl, or an amino protecting group, or the hydrogen 1in
—NHR" is absent and R" is a divalent amino protecting
group. In some embodiments, each G* is independently a
trityl type of hydroxy protecting group selected from the
group consisting of (4-methoxyphenyl)diphenylmethyl, bis
(4-methoxyphenyl)phenylmethyl,  tris(4-methoxyphenyl)
methyl, 9-phenylxanthen-9-yl, and 9-(4-methoxyphenyl)
xanthen-9-yl. In some further embodiments, each G~ is
independently

®

N

wherein each of R”, R and R is independently H or C,-C,
alkoxy. In one embodiment, G* is bis(4-methoxyphenyl)
phenylmethyl (4,4'-dimethoxytrityl). In some such embodi-
ments, R° 1s an unsubstituted or substituted C,-C alkyl. In
one example, R® 1s 2-cyanoethyl (—CH,CH,CN). In some
such embodiments, p 1s from 4 to about 50,000.

In some embodiments of the method described herein, the
method further comprises blocking unreacted 5' hydroxyl
group 1n the 5' unblocked first bioconjugate prior to step (b).
In some such embodiment, said blocking 1s performed by
reacting the 3' hydroxyl group with acetic anhydride (Ac,O).

In some embodiments of the method described herein, the
isolation and/or punfication of the 5' unblocked second
bioconjugate 1s achieved by a filtration or dialysis described
herein. For example, the filtration may use a regenerated
cellulose membrane described herein. In some further

embodiments, the regenerated cellulose membrane has a
molecular weight cutofi (MWCQO) from about 5 kDa to
about 50 kDa, from about 6 kDa to about 40 kDa, about 7
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kDa to about 30 kDa, or about 8 kDa to about 12 kDa. In
some further embodiments, steps (a)-(d) are repeated mul-
tiple cycles until a desired length of oligonucleotide has
been synthesized. In some such embodiments, the oligo-
nucleotide synthesized may comprises at least 2, 3, 4, 5, 6,
7,8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 bases.

In some embodiments, the method further comprises
removing the synthesized oligonucleotides from the PVH. In
some such embodiments, the removing step includes a step
of covalent chemical bond scission. In some embodiments,
the removing step includes hydrolysis. In certain embodi-
ments, the removing includes hydrolysis at a temperature
from about 0° C. to about 80° C., or about 10° C. to about
60° C., or about 15° C. to about 30° C.

A general reaction scheme of the liquid phase oligonucle-
otide synthesis 1s illustrated 1n FIG. 1. A more detailed
reaction scheme according to an embodiment of the method
described herein 1s illustrated in FIG. 5. In FIG. 5, the
nucleoside analog has methoxy or fluoro substitution at the
2" position of the ribose ring. The same method may also be
used for other types of nucleoside analogs where the corre-
sponding R may be H (1.e., 2-deoxy ribose), or —OR“ as
described herein. A reaction scheme for preparing the regen-
erated cellulose 1s described 1n FIG. 6.

In some embodiments of the method described herein,
cach of the first solvent and the second solvent comprise one
or more non-protic polar solvents, or combinations thereof.
In some further embodiments, the one or more non-protic

polar solvents comprise acetonitrile, tetrahydrofuran (THEF),
dimethylformamide (DMF), dimethyl sulfoxide (DMSO),

dichloromethane (DCM), suliolane, or combinations
thereof. In one embodiment, the first solvent and/or the
second solvent comprises acetonitrile. In another embodi-
ment, the first solvent and/or the second solvent comprises

a mixture of acetonitrile and sulfolane.
Polyvalent Polymer Hub (PVH) for Liqud Phase Oligo-

nucleotide Synthesis

Some embodiments of the present application relate to
PVH for liqud phase synthesis. In some embodiments, the
liquid phase synthesis comprises liquid phase oligonucle-
otide synthesis, liquid phase peptide synthesis, liquid phase
polynucleotide (1.e., nucleic acid), synthesis or liquid phase
small molecule synthesis. In some embodiments, the PVH
comprises or 1s a polymer for liquid phase oligonucleotide
synthesis. The PVH 1s prepared from one or more monomers
to produce the PVH having one or more repeating units. The
monomers may include acrylic or methacrylic acid esters
(e.g., acrylate) or combinations thereof, where certain acry-
late monomers each contains a reactive ester group that
allows for reaction with nucleoside or nucleotide analogs.
The PVH may also contains repeating units of acrylic or
methacrylic acid amides (e.g., acrylamide), or combination
thereol. The PVH may comprise a linear polymer, a
branched polymer, or star-shaped polymer, or combinations
thereol. The PVH may comprise a homopolymer, a block
copolymer, or a random copolymer, or combinations
thereof.

In some embodiments, the PVH comprises a repeating
unit of Formula (II) or (II'):

(1)
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-continued
(II)

Rl

wherein R' is H or C,-C, alkyl; R* is

O

i I
ﬁ Rz)m N ol
\
O
O
SO;Na,
_§_N
O

each R” is independently halogen, nitro or cyano; n is 1, 2,
3, 4, or 5; and wherein —OR™ 1 Formula (II) 1s a leaving
group for attaching a 3'-oxygen of a nucleoside or nucleotide
analog to the carbonyl group. In some embodiments, R' is
methyl, ethyl, propyl, butyl, pentyl or hexyl. In some
embodiments, R* is H. In some embodiments, each R* is
fluoro, chloro, nitro or cyano and n 1s 3, 4, or 5. In some
embodiments, each R is fluoro or chloro, and n is 3, 4, or
5. In some embodiments, each R* is fluoro and n is 3, 4, or
5. In some embodiments, each R* is chloro and n is 3, 4, or
5. In some embodiments, each R* is nitro and n is 3, 4, or 5.
In some embodiments, each R” is cyano and n is 3, 4, or 5.
In some embodiments, each R is fluoro and n is 4. In some
embodiments, each R” is fluoro and n is 5.

In some embodiments, the PVH comprises a second

repeating unit of Formula (III):

(I1T)

O NR*R>,

wherein R? is H or C,-C, alkyl; and each of R* and R” is
independently H, unsubstituted or substituted C,-C, alkyl,
unsubstituted or substituted phenyl, or R* and R> together
with the nitrogen atom to which they are attached form an
optionally substituted 5 or 6 membered heterocyclyl. In
some embodiments, R> is methyl, ethyl, propyl, butyl, pentyl
or hexyl. In some embodiments, R” is H. In some embodi-
ments, each R* and R” is independently unsubstituted C,-C,
alkyl. In some embodiments, each R* and R” is methyl. In
some embodiments, R* and R> together with the nitrogen
atom to which they are attached form a structure selected
from
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In further embodiments, the PVH comprises or 1s a
copolymer, comprising one or more acrylate repeating units
of Formula (II) or (II'), or a combination thereof, and one or
more acrylamide repeating units of Formula (III) as
described herein, comprising or having the structure:

Ay

or

The copolymer may be a block copolymer or a random
copolymer: In some embodiments, R' is H. In further
embodiments, each of R* and R” is methyl. In some further
embodiments, the PVH comprises or has the structure:

7

4 Ee

AN

O N(CHz), © O

wherein x 1s an mteger from 1 to 500,000; v 1s an integer
from 1 to 500,000; and n 1s 4 or 5. In one embodiment, n 1s
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4. In some further embodiments, X 1s an integer from 20 to
10,000 and y 1s an integer from 4 to 2,000. The ratio of x:y

may range from about 1:1000 to about 1000 to 1, from about
1:500 to about 500:1, from about 1:200 to about 200:1, from
about 1:100 to about 100:1, from about 1:90 to about 90:1,
from about 1:80 to about 80:1, from about 1:70 to about
70:1, from about 1:60 to about 60:1, from about 1:50 to
about 50:1, from about 1:20 to about 20:1, from about 1:10
to about 10:1, or from about 1:5 to about 5:1. In some
embodiments, the acrylate repeating units (v) 1n the copo-
lymer 1s from about 0.1 mol % to about 100 mol %, form
about 1 mol % to about 80 mol %, from about 5 mol % to
about 60 mol %, or from about 10 mol % to about 50 mol
%. In further embodiments, the number of acrylate repeating
units (1.e., v) in the PVH 1s at least 5, 10, 20, 30, 40, 50, 60,
70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or
1000.

In one embodiment, the PVH comprises 2,3,3,6-tetratluo-
rophenyl acrylate (TFPA) and N,N-dimethyl acrylamide
(DMA) wherein the PVH can be referred to with the
abbreviation poly(TFPA-co-DMA), having the structure

HTHE (F)H:

O N(CHs)

where n 15 4. In some embodiments, the acrylate repeating
units (y) 1n the copolymer 1s from about 0.1 mol % to about
100 mol %, form about 1 mol % to about 80 mol %, from
about 5 mol % to about 60 mol %, or from about 10 mol %
to about 50 mol %. In one embodiment, the acrylate repeat-
ing units 1s about 15 to 20 mol %, or about 18 mol %.

In any embodiments of the PVH described herein, the
PVH has an average molecular weight from about 10 kDa to
about 1000 kDa, or from about 20 kDa to about 500 kDa, or
from about 30 kDa to about 100 kDa.

In any embodiments of the PVH described herein, the
PVH may have a loading capacity of from about 10 umol to
about 600 umol, from about 20 pmol to about 300 umol,
from about 30 umol to about 400 umol, or from about 40
umol to about 300 umol, per gram of PVH. In some further
embodiments, the PVH has a loading capacity of about 10
umol, 20 umol, 30 umol, 40 umol, 50 umol, 60 umol, 70
umol, 80 umol, 90 umol, 100 umol, 150 umol, 200 umol,
250 umol, 300 umol, 350 umol, 400 umol, 450 umol, 500
umol, 550 umol or 600 umol per gram of PVH, or a range
defined by any two of the preceding values.

In any embodiments of the PVH described herein, the
PVH may be used in the liquid phase synthesis method
described herein.

Polymeric Bioconjugates Prepared by LPOS

Some additional aspect of the present disclosure relates to
a polymeric bioconjugate comprising one or more repeating
units of Formula (V):

R G'Q
@O 1
g
i 7 N

and optionally one or more repeating units of Formula (I1I)

(V)
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(I11)

O NR*R>,

wherein

each of R" and R’ is independently H or C,-C, alkyl;

each of R* and R” is independently H, unsubstituted or
substituted C,-C, alkyl, unsubstituted or substituted phenyl,
or R* and R> together with the nitrogen atom to which they
are attached form an optionally substituted 5 or 6 membered
heterocyclyl;

B' is a nitrogenous base described herein;
G' is H or a 5" hydroxyl blocking group; and

R* 1s —H, —OH, halogen, —O—(C,-C, alkyl), —O
(C,-C; haloalkyl), or —OX, where X 1s a 2' hydroxyl
protecting group.

In some embodiments, the polymeric bioconjugate com-
prises or has the structure of Formula (Ia):

(la)

wherein each of X, and m 1s independently an integer from
1 to 500,000. In some embodiments, m 1s equal to less than
y as described herein. In further embodiments, each of R’
and R> is H. In further embodiments, each of R* and R” is
methyl. In further embodiments, G' is H. In other embodi-
ments, G is

N F
Rd— ‘ oo :_ Rb,
X N
I R
N I

Z
N

wherein each of R?, R and R” is independently H or C,-C,
alkoxy. In one embodiment, G' is 4,4'-dimethoxytrityl.

Additional aspect of the present disclosure relate to a
polymeric bioconjugate, comprising one or more repeating,
units of Formula (VI), and optionally one or more repeating
unit of Formula (I1I):
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(I11)

wherein

each R' of R is independently H or C,-C, alkyl;

each of R* and R’ is independently H, unsubstituted or
substituted C,-C. alkyl, unsubstituted or substituted
phenyl, or R* and R” together with the nitrogen atom to
which they are attached form an optionally substituted
5> or 6 membered heterocyclyl;

R* 1s —H, —OH, halogen, —O—(C,-C, alkyl), —O—
(C,-Cs haloalkyl), or —OX, where X 1s a 2' hydroxyl
protecting group.

each of B' and B~ is independently a nitrogenous base
described herein;

G~ is a 5' hydroxyl blocking group:

R® 1s unsubstituted or substituted C,-C alkyl;

Z 15 O or S; and

k 1s an integer from 1 to 500.

In further embodiments, the polymeric bioconjugate com-

prises or has the structure of Formula (Ib):

G? O
O R®
\

(Ib)

REO‘”'"ﬁ
7 L0
R3 Rl O Bl
s
X Rﬂ
O NR4RS O ~0

wherein each of x, and m 1s independently an integer from
1 to 500,000. In some embodiments, m 1s equal to less than
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y as described herein. In further embodiments, each of R’
and R> is H. In further embodiments, each of R* and R” is
methyl. In further embodiments, G* is H. In other embodi-

ments, G* is

Rd_

X

‘

RN
.

wherein each of R?, R and R” is independently H or C,-C,
alkoxy. In one embodiment, G* is 4,4'-dimethoxytrityl. In
some embodiments, R® 1s substituted C,-C, alkyl. In one
example, R® 1s 2-cyanoethyl (—CH,CH,CN).

In any embodiments of the polymeric bioconjugates
described herein, B® is independently optionally protected
adenine, optionally protected deaza adenine, optionally pro-
tected cytosine, optionally protected guanine, optionally

protected deaza guanine, optionally protected thymine, or
optionally protected uracil. In further embodiments, B> is

NHRY

O
N
4
/ NH
T /4
—
N
or WV oV Vo VoV VoV NE {f‘l{

wherein R” is hydrogen, unsubstituted or substituted C,-C,
alkyl, or an amino protecting group, or the hydrogen 1n
—NHR" is absent and R" is a divalent amino protecting

group.
EXAMPLES

Some aspects of the embodiments discussed above are
disclosed 1n further detail 1n the following examples, which
are not 1n any way intended to limit the scope of the present
disclosure. Those 1n the art will appreciate that many other
embodiments also fall within the scope of the compositions,
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kits and methods of the present application, as 1s described
herein above and 1n the claims.

Example 1. Preparation of Poly(TFPA-co-DMA)

N,N-dimethyl acrylamide (DMA) obtained from Sigma
Aldrich, and 2.,3,5,6-tetrafluorophenyl acrylate (TFPA)
obtained from Synquest Laboratories were purified by
vacuum distillation prior to use. The imtiator Vazo-32 [2,2'-
azobis(2,4-dimethylvaleronitrile)] obtained from Combi-

Blocks was used as received. A solution of about 5.39 g
(24.49 mmol) of TFPA, about 4.51 g (45.49 mmol) of DMA,

and about 0.05 g (0.2 mmol) of Vazo-352 in 30 mL of
anhydrous acetonitrile (AcN) was purged with ultrapure
argon for about 30 minutes at a flow rate of 60 mIL/min and
constant mechanically stirring with a 1-inch half-moon-
shape Tetlon blade at 200 rpm. The reaction flask was then
lowered 1nto a 55° C. o1l-bath while having constant stirring
but reduced argon flow of 15-20 mL/min. The polymeriza-
tion was conducted under these conditions for 6 hours. At
the end of 6 hours, the reaction mixture was cooled to
ambient temperature in open air. The AcN and residual
monomers were removed under reduced pressure 1 a Rota-
Vap at 55° C. water-bath temperature. The polymer product
was re-dissolved 1 30 mL of anhydrous tetrahydrofuran
(THF) at 35° C. To the THF solution, about 30 mL of
anhydrous hexane was added dropwise under argon with
magnetic stirring until a cloudy suspension was obtained.
The cloudy suspension was then added into 800 mL of
anhydrous hexane 1 a 2-L Erlenmeyer flask through a
22-gauge syringe needle 1n a fine stream under argon while
mechanically stirred at about 150 rpm with a 2-inch Teflon
stirring blade. The precipitated polymer was stirred for an
additional 5 minutes under argon. The hexane was dis-
carded, and 500 mL of fresh anhydrous hexane was added
and mechanically stirred gently for another 15 minutes
under argon. The poly(TFPA-co-DMA) product 1n coarse
fibers was then transierred into a large mouth 500-mL glass
jar and dried under vacuum at 53° C. for 24 hours. The TFPA
proportion 1n the poly(TFPA-co-DMA) product was deter-
mined to be 18 mol % by "H NMR analysis.

Example 2. Dialysis of Poly(TFPA-co-DMA)

A solution o1 312.8 mg of poly(TFPA-co-DMA) prepared
in Example 1 and 10.0 mL of anhydrous AcN was prepared
and transierred 1into a dialysis tube having a length of 10 cm.
The dialysis tube (Spectra/Por-7 Dialysis membrane, 15
KDa MWCQO, 2.4 cm flat width, 1.5 cm diameter, and 1.8
ml./cm capacity) was immersed into a dialysis bath con-
taining 200.0 mL AcN as a dialysis solvent. Dialysis was
conducted for 24 h and afterward the dialysis tube was
separated from the dialysis bath.

The solution in the dialysis tube was transferred to a
recovery flask and the dialysis tube was rinsed with AcN.
The solution and rinsings were combined and the AcN 1n the
recovery flask was removed by a Rota-Vap at 50 mbar. The
residue was subjected to vacuum drying and 282.70 mg of
poly(TFPA-co-DMA) (90.4%) was observed 1n the dialysis
tube as shown 1n Table 1. Dialysis using a membrane having
an MWCO of 15 KDa retained more than 90% poly(TFPA.-
co-DMA) 1n the dialysis tube.

The dialysis solvent was transferred into a recovery flask
and the dialysis bath was rinsed with AcN. The dialysis
solvent and rinsings were combined and the AcN 1in the
recovery tlask was removed by a Rota-Vap at 50 mbar. The
recovery tlask was rinsed with two 10 mL portions of water
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and the water-clear rinsings were concentrated under
vacuum to recover 1.50 mg of the PVH copolymer as shown

in Table 1.

Example 3. Dialysis of 5'-O-DMT-dT

The procedure of Example 2 was followed using 218.7
mg of 5'-O-DMT-dT (Hongene Biotech, MW=344.49) in
place of poly(TFPA-co-DMA). An amount of 196.70 mg of
3'-O-DMT-dT (90%) was observed 1n the dialysis bath as
shown 1n Table 1. Dialysis using a membrane having an

MWCO of 15 KDa transterred 90% of the 5'-O-DMT-dT
from the dialysis tube 1nto the dialysis bath.

TABLE 1
5'-0- Recovery Recovery dT
poly(TFPA- DM'T- from from Polymer  ex-
Exam- co-DMA) dT dialysis dialysis  retained cluded
ple (mg) (mg) bath (mg) tube (mg) (%) (%)
2 312.8 — 1.50 282.70 90.4 —
3 — 218.7  196.70 10.10 — 90.0
4 320.0 226.2 Not 284.90 Not Not
deter- deter-  deter-
mined mined  mined

Example 4: Bioconjugated 5'-O-DMT-dT onto
Poly(TFPA-co-DMA)

Transterred 320.0 mg of poly(TFPA-co-DMA) prepared
in Example 1 and 226.2 mg of 3'-O-DMT-dT into a 100-mL

round bottom flask, and 10 mL of anhydrous AcN was added

to dissolve under mild magnetic stirring. The solution was
purged with argon with constant gentle magnetic stirring at

35° C. for 15 minutes. To the purged solution 0.1 mL of
N,N-dimethyl benzylamine (TCI) was added with a syringe
needle. The reaction was allowed to proceed for 20 hours at
ambient temperature. A white powdery precipitate was
observed. The reaction solution was warmed 1n an o1l bath
at 30° C. for 60 minutes to give a clear solution. It was then
transferred into the dialysis tube 18 ¢cm 1n length (15 KDa
MWCO, 2.4 cm flat width, 1.5 cm diameter, and 1.8 ml./cm
capacity) and immersed into 400 mL of AcN. The dialysis
was allowed to proceed for 23 hours with one change of 400
mlL can (a total of 800 mL of AcN). The reaction solution in
the dialysis tube was transferred into a 100-mL round
bottom tlask. The dlaly81s tube was rinsed with two 10-mL
aliquots of can and the rinsings were added into the 100-mL
flask. The AcN was removed by Rota-Vap, and the residue
was dried by vacuum to give 284.90 mg of the DM'T-dT
conjugated poly(TFPA-co-DMA). FIG. 2 illustrates the
steps of (1) reaction between 3'-O-DMT-dT and poly(TFPA-
co-DMA), (1) a first dialysis; (111) removal of the DMT
group; and (1v) a second dialysis.

FIGS. 3A, 3B and 3C illustrate 'l NMR spectra taken in
AcN-d3 for 5'-O-DMT-dT, the poly(TFPA-co-DMA) pre-
pared 1n Example 1 and the DMT-dT conjugated poly
(TFPA-co-DMA) prepared i Example 4, respectively.
Comparison of the "H NMR integrations of various signals
indicates that 5'-O-DMT-dT had been conjugated on the
PVH. After being subjected to two dialysis exchanges in a
400 mL of AcN dialysis bath, the maximum amount of free
3'-O-DMT-dT 1n a 15-mg sample of the DMT-dT conjugated
poly(TFPA-co-DMA) prepared for NMR spectroscopy 1s
0.007 mg, which under the detection limit of NMR 1nstru-
mentation.

10

15

20

25

30

35

40

45

50

55

60

65

30

Example 5. UV/Vis Analysis of DMT Loading of
the DM'T-dT Conjugated PVH

DMT-dT loading of the DMT-dT conjugated poly(TFPA-
co-DMA) was determined by UV/Vis spectrophotometry.
The DMT group 1s removed from dT under acidic hydrolysis
as shown in FIG. 4 and the loading of DMT-dT was

quantitatively determined. An aliquot of 2.20 mg of the
DMT-dT conjugated poly(TFPA-co-DMA) prepared 1n

Example 4 was washed with 100 mL of AcN containing 0.46
M toluenesulfonic acid (TSA-AcN). A blank UV/Vis spec-
trum of 0.46 M TSA-AcN solution was acquired. An aliquot
ol the supernatant from the washing solution was transferred
to a dry cuvette and UV/VIS scanning was performed. The
DMT-dT loading on the DM'T-dT conjugated poly(TFPA-
co-DMA) was determined from an absorbance value (A) of
0.59674 at 498 nm with a sample volume of 100 mL. The
extinction coeflicient ¢ for DMT was estimated 76.5
ml/cm*umole. Using the equation: DMT-dT loading
(umole/g)=[A*sample volume (mD)J/[76.5 (mL*cm '*
umole™")*sample weight (g)]

DMT-dT loading of the DMT-dT conjugated poly(TFPA-
co-DMA) was calculated to be 335 umol/g.

While the present application has been described with
reference to the specific embodiments thereof, 1t should be
understood by those skilled 1n the art that various changes
may be made, and equivalents may be substituted without
departing from the true spirit and scope ol the present
application. In addition, many modifications may be made to
adapt a particular situation, material, composition of matter,
process, process step or steps, to the objective, spirit and
scope of the present application. All such modifications are
intended to be within the scope of the claims appended
hereto.

What 1s claimed 1s:
1. A method for making an oligonucleotide by liquid
phase oligonucleotide synthesis, comprising:

dissolving a polyvalent hub (PVH) 1n a first solvent to
form a reaction matrix, wherein the PVH comprises a
copolymer of acrylate polymer and acrylamide poly-
mer, and the acrvlate polymer of the PVH have a
plurality of reactive ester groups capable of reacting
with nucleoside or nucleotide analogs; and

contacting the PVH with one or more nucleoside analogs
to form a first bioconjugate comprising a structure of

Formula (I):

()

PVH

wherein

B' is a nitrogenous base;

G' is a 5' hydroxyl blocking group:;

R* 1s —H, —OH, halogen, —O—(C,-C, alkyl), —O—
(C,-Cg haloalkyl), or —OX, where X 1s a 2' hydroxyl
protecting group; and

m 15 an mteger from 1 to 500,000.
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2. The method of claim 1, wherein B' is independently
optionally protected adenine, optionally protected deaza
adenine, optionally protected cytosine, optionally protected
guanine, optionally protected deaza guanine, optionally pro-
tected thymine, or optionally protected uracil.

3. The method of claim 2, wherein B! is

Z
=
=

D

wherein R” is hydrogen, unsubstituted or substituted C,-C
alkyl, or an amino protecting group, or the hydrogen in
—NHR" is absent and R" is a divalent amino protecting

group.

4. The method of claim 1, wherein each G' is indepen-
dently a trityl type of hydroxy protecting group selected
from the group consisting of (4-methoxyphenyl)diphenyl-
methyl, bis(4-methoxyphenyl)phenylmethyl, tris(4-
methoxyphenyl)methyl, 9-phenylxanthen-9-yl, and 9-(4-
methoxyphenyl)xanthen-9-yl.

5. The method of claam 1, wherein each reactive ester
group of the PVH independently comprises —C(—O)OEW,
NHS ester, sulfo NHS ester, or

wherein EW 1s an electron-withdrawing group.

6. The method of claim 1, wherein the PVH has an
average molecular weight from about 10 kDa to about 1000
kDa, or from about 30 kDa to about 100 kDa.

7. The method of claim 1, wherein the acrylate polymer
comprises a plurality of repeating units of Formula (II) or
(II'), or a combination thereof:
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(1)

R3
RX or
0 0~
(II')
R]
N/ O ?
/ " O
wherein
R' is H or C,-C, alkyl;
R™ 1s
O
AN
I_eRz)H: N Of
}{\/
O
O
SO3Na;
N
O
each R* is independently halogen, nitro or cyano; and
nis 1, 2, 3,4, or 5.

8. The method of claim 7, wherein R* is H.
9. The method of claim 7, wherein the acrylate polymer
comprises repeating umts of Formula (IIa):

Rl
=

R,
AN

O O

each R” is fluoro, and n is 3, 4, or 5.
10. The method of claam 1, wherein the acrylamide

polymer comprises a plurality of repeating units of Formula
(11D):

(I11)

O NRAR>,

wherein
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R> is H or C,-C, alkyl; and
each of R* and R” is independently H, unsubstituted or
substituted C,-C, alkyl, unsubstituted or substituted
phenyl, or R* and R together with the nitrogen atom to
which they are attached form an optionally substituted
5 or 6 membered heterocyclyl.

11. The method of claim 10, wherein R” is H and each R*
and R> is independently unsubstituted C,-C, alkyl.

12. The method of claim 1, wherein the molar ratio of the
acrylate polymer to the acrylamide polymer in the copoly-
mer 1s from about 1:200 to about 200:1, from about 1:100 to
about 100:1, from about 1:90 to about 90:1, from about 1:80

to about 80:1, from about 1:70 to about 70:1, from about
1:60 to about 60:1, from about 1:50 to about 50:1, from
about 1:20 to about 20:1, from about 1:10 to about 10:1,
from about 1:5 to about 5:1, from about 1:2 to about 2:1, or
about 1:1.

13. The method of claim 1, wherein the PVH comprises
the structure:

0 N(CH3): o o

O N(CH3z), ¢

Qr

wherein x 1s an mteger from 1 to 500,000;

y 1s an integer from 1 to 500,000; and

nis 4 or 5.

14. The method of claim 13, wherein the first bioconju-
gate comprises the structure of Formula (Ia):

(la)

O NRR> 0O
REI

15. The method of claim 1, further comprising;:
removing the 5' blocking group (G') to form a 5
unblocked first bioconjugate; and
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1solating the 5' unblocked first bioconjugate;
wherein the 5' unblocked first bioconjugate comprises the

structure of Formula (I'):

(1)

16. The method of claim 15, wherein the 3' unblocked
bioconjugate comprises the structure of Formula (Ia'):

(Ia')
HO
0

]
I m YB.

415
0 NRRS o \Rﬂ

17. The method of claim 16, wherein both R' and R~ is H,
and each R* and R” is methyl.

18. The method of claim 15, wherein said 1solation of the
S' unblocked first bioconjugate 1s achieved by dialysis or
ultrafiltration.

19. The method of claim 18, wherein the dialysis 1s
performed with a membrane comprising a regenerated cel-

lulose having a molecular weight cutoll (MWCO) from

about 5 kDa to about 50 kDa.
20. The method of claim 15, further comprising;
(a) reacting the 3' unblocked first bioconjugate with one or
more nucleoside phosphoramidite analogs 1 a second
solvent to form a second bioconjugate comprising the

structure of Formula (IV):

IV)
G20

(W

BE

O ”
L
Re\ /o

—P

\
O
O
p!
O /

O R<

REI

PVH

wherein
G* is a 5' hydroxyl blocking group:;
B~ is a nitrogenous base;
R® 1s a phosphite protecting group; and
p 1s an mteger of 1 to 500,000;
(b) oxidizing the phosphite moiety in Formula (IV);
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(c) removing the 5' blocking group G° to form a 5
unblocked second bioconjugate comprising the struc-
ture of Formula (IV'):

(IV')

HO 0 B2
qu
O
V4 %P /
— e
O

PVH

wherein
7 1s O or S; and

(d) 1solating the 3' unblocked second bioconjugate.

21. The method of claim 20, further comprising blocking,
unreacted 3' hydroxyl group 1n the 5" unblocked first bio-
conjugate prior to step (b).

22. The method of claim 20, wherein B is independently
optionally protected adenine, optionally protected deaza
adenine, optionally protected cytosine, optionally protected
guanine, optionally protected deaza guanine, optionally pro-
tected thymine, or optionally protected uracil.

23. The method of claim 22, wherein B* is

O NHRY

NHRY

NI Ny /K
A UL O

-t

N

P

.

WA A YA
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-continued
R O

</N

-F
AL

O
AnAvianas

or

NHRY,

wherein R is hydrogen, unsubstituted or substituted C,-C,
alkyl, or an amino protecting group, or the hydrogen in
— NHRY is absent and R” is a divalent amino protecting
group.

24. The method of claim 20, wherein each G* is indepen-
dently a trityl type of hydroxy protecting group selected
from the group consisting of (4-methoxyphenyl)diphenyl-
methyl, bis(4-methoxyphenyl)phenylmethyl, tris(4-
methoxyphenyl)methyl, 9-phenylxanthen-9-yl, and 9-(4-
methoxyphenyl )xanthen-9-yl.

25. The method of claim 20, wherein R® 1s —CH,CH,CN.

26. The method of claim 20, wherein said 1solation of the
S'unblocked second bioconjugate 1s achieved by filtration or
dialysis.

27. The method of claim 20, wherein steps (a)-(d) are
repeated multiple cycles until a desired length of oligonucle-
otide has been synthesized.

28. The method of claim 27, further comprising removing,
the oligonucleotides from the PVH.

29. The method of claim 20, wherein each of the first
solvent and the second solvent comprise one or more
non-protic polar solvents, or combinations thereof.

30. The method of claim 29, wherein the one or more

non-protic polar solvents comprise acetonitrile, tetrahydro-
furan (THF), dimethylformamide (DMF), dimethyl sulfox-

ide (DMSQ), dichloromethane (DCM), sulfolane, or com-
binations thereof.

31. The method of claim 1, wherein the formation of the
first bioconjugate does not require a succinate linker to

attach the nucleoside analog to the PVH.

¥ o # ¥ ¥
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